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The search for new physics beyond the Standard Model has interesting possibilities at low energies.
For example, the recent 6.8σ anomaly reported in the invariant mass of e+e− pairs from 8Be nuclear
transitions and the discrepancy between predicted and measured values of muon g-2 give strong
motivations for a protophobic fifth-force model. At low energies, the electromagnetic interaction
is well understood and produces straightforward final states, making it an excellent probe of such
models. However, to achieve the required precision, an experiment must address the substantially
higher rate of electromagnetic backgrounds. In this paper, we present the results of simulation
studies of a trigger system, motivated by the DarkLight experiment, using helical-shape scintillating
fibers in a solenoidal magnetic field to veto electron-proton elastic scattering and the associated
radiative processes. We also assess the performance of a tracking detector for lepton final states
using scintillating fibers in the same setup.
I. INTRODUCTION
The search for new physics beyond the Standard Model
is a major research thrust for physicists worldwide. The
energy frontier is pursued at the Large Hadron Collider
and the cosmic frontier is explored in searches for dark
matter with underground experiments. High intensity
experiments at low energy offer a powerful and comple-
mentary approach. These experiments can directly inves-
tigate recent low energy anomalies, e.g. the 6.8σ anomaly
which has been reported in 8Be nuclear transitions. The
invariant mass of the e+e− pairs from 8Be transitions
shows an unexpected excess at around 17 MeV[1]. A pro-
tophobic fifth-force model with a ∼17 MeV vector gauge
boson has been proposed to explain this anomaly[2]. This
model can also address the 3.6σ discrepancy between
the predicted and measured muon’s anomalous magnetic
moment[3]. Furthermore, this vector gauge boson can
also be a dark matter candidate as the interaction medi-
ator between the dark sector and the visible sector.
The simplest fifth-force model is the so-called mini-
mally kinetically mixed model[4], where a dark photon
A′ couples to the standard model through the vector por-
tal. It inherits electromagnetic couplings through this
mechanism, with a reduced strength α′ = 2αEM, where
αEM ≈ 1/137. This and other fifth force models are gen-
erally described by the mediator mass mA′ and one or
more couplings α′.
The simple model has been ruled out to ∼ 2σ for the
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muon and 8Be anomalies. However, more general mod-
els with flavor-dependent couplings are consistent with
all current exclusion limits [2] and could explain these
anomalies. Such a new force could be seen in low-energy
electroproduction via decay to e+e− final states.
II. DARKLIGHT EXPERIMENT
The DarkLight experiment[5] proposes to search for
new physics beyond the Standard Model via decays to
e+e− final states in the mass region from 10 MeV/c2 to
100 MeV/c2. The experiment passes an electron beam
through a windowless, cylindrical hydrogen gas chamber
of length of 60 cm. The gas target has low density to
allow the recoil proton to propagate to a detector at the
chamber wall to be measured. The extended length of
the target along the beam line gives a target thickness of
1019 cm−2. We focus at low beam energy of 100 MeV and
measure the complete final-state in e+p→ e+p+e++e−.
The detector is located within a 0.5 T solenoidal magnet
for momentum measurements.
In these collisions, a hypothetical force mediator, A′,
is produced via the “A′-strahlung” processes. The A′
then decays into an e+e− pair, which is recorded in the
detectors. Figure 1 shows these production processes for
signal. There are also irreducible QED background pro-
cesses which generate an e+e− pair via an intermediate
virtual photon. At the design luminosity, however, the
dominant background processes in the DarkLight exper-
iment are elastic and Møller scattering and their asso-
ciated radiative processes on which this study focuses.
Although these processes have different final states from
ar
X
iv
:1
81
2.
01
36
9v
2 
 [p
hy
sic
s.i
ns
-d
et]
  2
5 M
ar 
20
19
2the signal processes, their overwhelming rate at our lumi-
nosity prohibits directly triggering on these background
processes.
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FIG. 1. Feynman diagrams for the signal processes: The A′ is
produced off the incoming or outgoing lepton and then decays
into an e+e− pair.
This report summarizes the study of a trigger sys-
tem based on helical-shape scintillating fibers. Using a
Geant4[6] simulation of the physics and detector design,
we show that this trigger system can filter out most of
the electron-proton elastic scattering. We also explore
the possible use of scintillating fibers as the basis for the
lepton tracking detectors. Though the specific design in
this study is motivated by the DarkLight experiment, the
general principles can be easily extended for other exper-
iments using intense electron beams with similar energy.
III. FIBER TRIGGER SYSTEM
The signal event e+ p→ e+ p+ e+ + e− contains one
recoil proton and three leptons which the system will
trigger on. However, the electron-proton elastic scatter-
ing and its associated radiative processes produce over-
whelming count-rates in the detector. Therefore, we can-
not trigger on the number of leptons alone. In order
to read out the detector in this environment, the trig-
ger must be made sufficiently blind to elastic scattering
events. The proposed trigger system contains two pieces
of logic: one identifies the background electron-proton
elastic scattering events by virtue of their characteristic
scattering geometry and ignores these events; the other
one requires three simultaneous leptons accompanying
one identified proton to reflect the prompt decay of an
A′ into e+e− pair.
A. Background kinematics and trigger system
geometry
The cylindrical target chamber of radius R0 =75 mm is
centered on the beam axis along the z direction. The trig-
ger detector consists of a sensitive layer for protons just
inside the wall of the chamber and a sensitive layer for
electrons just outside it. In elastic events, the scattered
proton and electron reach the trigger detector located at
a fixed radius R0 at different azimuth angle φ and posi-
tion z, namely (φp, zp) and (φe, ze), as shown in Figure 2.
Because the target has extended length along the beam
line, the absolute values of these two quantities depend
not only on the kinematics but also on the location of
the primary vertex along the beam path.
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FIG. 2. Scattering geometries: Transverse (Left) and longi-
tudinal (Right) scattering geometries show the definition of
relevant quantities, which are described in detail in the text.
Because we use ∆φ and ∆z, the zero point for φ and z are
irrelevant. Notice that, in this design, Rp / R0 / Re, where
R0 is the radius of the target chamber wall. The difference in
radii is exaggerated for better illustration.
However, we can define the following two quantities
whose values depend only on the kinematics but not on
the location of the primary vertex:
∆z ≡ ze − zp
∆φ ≡ φe − φp (mod 2pi)
If an elastically scattered electron and proton have
high enough transverse momenta to reach the tracking
detector, their transverse path lengths within the target
chamber can be approximated by the radius R0 of the
chamber. This approximation, combined with numeri-
cal calculations of these two quantities, reveals a nearly
linear correlation between ∆z and ∆φ in the range of
−50 mm≤ ∆z ≤ 150 mm covered by the detector for our
beam energy and chamber radius as shown in Figure 4.
In the case of a recoil proton hitting the trigger detec-
tor at position (φp0,zp0), according to this linear relation,
the electron hit lies on a helix whose position can be cal-
culated from the proton hit position (φp0,zp0). The po-
sition of the electron hit along this helix depends on the
position of the scattering vertex. Similarly, for any scat-
tered electron which hits this helix, this linear relation
indicates that the recoil proton also strikes a correspond-
ing helix that passes through (φp0,zp0). Therefore, elastic
3events will fall on known pairings of helices regardless of
the position of the scattering vertex along the beam path.
The linear relation at a small fixed radius character-
izes most elastic events and can thus be used to suppress
triggering on the majority of the elastic electron-proton
scattering background. We propose to use scintillating
fibers in the shape of helical strips as trigger detectors
to cover the cylindrical surface of radius R0 =75 mm as
shown in Figure 3. Each fiber for detecting recoil protons
has a corresponding fiber for detecting scattered electrons
paired to it. If one proton fiber fires in coincidence with
its elastic partner electron fiber, this is ignored. If one
proton fiber fires, but NOT the partner electron fiber, we
keep this event at this stage, and judge with more infor-
mation at the next stage. This completes the first part
of the trigger logic.
Beam
e-fiber
p-fiber
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e-
FIG. 3. Fiber geometries: One pair of elastically scattered
proton and electron hit the paired electron fiber and proton
fiber. In our design, Rp ≈ Re ≈ 75 mm. The radius difference
in the drawing is exaggerated for better illustration.
The second part of the trigger logic requires that at
least three electron hits remain after the elastic pairs are
removed. Otherwise, this event is either a false positive
from the previous step or a signal event outside of the
trigger acceptance.
B. Event simulation
The simulation uses Geant4 to construct the full ge-
ometry of the experiment layout. We choose proton
fibers to cover a length of 23 cm and electron fibers to
cover a length of 46 cm along the beam direction. These
dimensions guarantee the full coverage of the momen-
tum phase space for our experiment. The background
events are simulated elastic scattering with radiative cor-
rections, assuming a proton target and a 100 MeV beam.
We generate these events with proton recoil angles cov-
ering the trigger detector acceptance with an additional
3° margin on both sides. The primary vertex locations
are uniformly distributed along the path the beam takes
through the target. These generated events include all re-
constructible events but do not guarantee the generated
proton will hit a proton fiber when the primary vertex is
far downstream in the target chamber.
The signal events are generated with MadGraph[7] for
A′ masses from 10 MeV to 90 MeV[8]. We generate a pri-
mary vertex position for each event the same way as for
the background events. We then select and focus on sig-
nal events in which all final state particles hit the fibers
and thus give enough information for event reconstruc-
tion. These events provide a proper basis to evaluate the
signal efficiency of our trigger system. We include 106
background events and 3× 104 signal events to limit the
effects from statistical fluctuations.
The ∆z −∆φ scatter plot in Figure 4 shows that the
simulation agrees with theoretical calculations for the
electron-proton elastic scattering background. It also
verifies that most elastic background events fall into the
linear region.
We parameterize the linear region of this scatter plot
via the equation ∆φ = k ×∆z + φ0. We then perform a
linear fit in the region of 20 mm ≤ ∆z ≤ 140 mm to get
parameters k and φ0. We define the deviation from this
line for each event as the difference between the simulated
∆φsim value and the calculated ∆φcal = k×∆zsim + φ0
value using parameters from the linear fit. The histogram
of this deviation value for both the background events
and the signal events is shown in Figure 5. The back-
ground events cluster around zero deviation, while the
signal events are distributed nearly uniformly (we plot
only the smallest deviation among all three leptons in
each signal event).
The idealized scenario uses an infinitely narrow pro-
ton fiber, but a real detector must have a finite width.
This introduces a finite resolution in the ∆φ and ∆z
measurement. Our design uses 100 proton fibers, each
covering 3.6° of azimuth angle (corresponding to a fiber
width of 4.7 mm). Because the deviation value from the
background events is asymmetric, we optimize the back-
ground rejection for different electron fiber widths by ad-
justing φ0 offsets between each pair of proton fiber and
electron fiber. The background rejection and signal ef-
ficiency for different electron fiber widths are shown in
Figure 6. We pick electron fiber width of 7.2° (9.4 mm)
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FIG. 4. Upper panel: ∆φ and ∆z scatter plot compared with
the analytical calculation along the red line. Lower panel: his-
togram of relative weight of cross-section of ∆z. The abrupt
cut-offs at ∆z =−90 mm and 150 mm are from the limited
angle simulated, and corresponds to the acceptance of the
electron layer.
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FIG. 5. Deviation histogram: The histogram shows the rel-
ative weight of cross-section of deviations. The deviation is
defined as the difference between simulated ∆φ and calculated
∆φ using simulated ∆z and the linear fit from the ∆φ and ∆z
scatter plot. The black dots are from elastic background, and
red dots from signal of A′ =20 MeV. The abrupt drops on
both ends of the deviation spectra for elastic background are
from the kinematic cut on the detectable electron scattering
angle in background event generation.
which gives approximately 98% background rejection for
our design. Two layers, each with 50 channels of electron
fibers, are used for one-to-one pairing to proton fibers.
This design should be able to filter out most of the back-
ground events, leaving only the rare case of background
from multiple scattering and secondary particle produc-
tion.
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FIG. 6. Signal efficiency vs background rejection as the width
of the electron fiber is varied: The dotted line is for an in-
finitely narrow proton fiber assumption and the solid line for
the 3.6° wide proton fiber. The inset shows the behavior near
100% background rejection, shown as 1-BR. Several points are
marked on these two lines to show the corresponding electron
fiber width. Background rejection is optimized by varying the
electron fiber offset for different widths of the paired electron
fiber. Both numbers drop as we increase the electron fiber
width which excludes more phase space.
C. Full system performance
The previous section verifies the analytical calculations
and summarizes the reasoning behind our choices for the
fiber parameters. This section further evaluates this trig-
ger system with more detailed simulation. There are two
important factors added into the full simulation:
1. Physical fiber geometry:
The fibers we studied have a square cross section,
and carry cladding, which forms non-sensitive re-
gions. We assume 0.5 mm thick fibers, with a typ-
ical 5% thickness of cladding on all surfaces. The
non-sensitive regions of electron fibers will result
in elastic electrons not detected and thus leads to
possible false positives.
2. Event pile-up:
We assume a reasonably achievable readout rate
of 10 MHz. This results in multiple elastic events
in every time-frame for the beam from a typical
linac. We use Poisson statistics to simulate the pile-
up to study the effects on the trigger system. We
assume the beam current to be 5 mA with 75 MHz
bunches and a coincidence window of 100 ns. There
are on average 110 background events in each time
frame. For the signal efficiency study, an additional
A′ event is combined with these pile-up background
events in each time-frame to study.
5These two factors are predictable and readily simu-
lated aspects of a physical implementation. While other
details such as light attenuation and readout noise are
also important to consider, their extent is more depen-
dent on the specifics of the implementation, and so they
are not treated in detail here.
In the following, we refer to one time frame as one
event. The trigger procedure can be broken down into
the following steps:
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FIG. 7. Proton and electron hits in fibers: Protons are
stopped by proton fibers. Electrons deposit energy in both
proton fibers and electron fibers with the target wall of 2 mm
aluminum in between.
• Particle identification
Due to their high dE/dx and low momentum, scat-
tered protons deposit all their energy in the 0.5 mm
thick plastic fibers inside the chamber wall, i.e. the
proton fibers. However, most scattered electrons
propagate as MIPs, depositing an energy almost
independent of their momenta in the fibers. These
scattered electrons generally penetrate the target
chamber wall and deposit energy in both proton
fibers and electron fibers, leaving a very different
signature compared to protons, as shown in Fig-
ure 7. Therefore, the proton identification utilizes
information from both fibers: the energy deposi-
tion in proton fibers and the anti-coincidence with
energy deposited in nearby electron fibers.
Based on the simulated energy deposition spec-
trum for elastic scattering, as shown in Figure 8,
a proton-like hit is defined by an energy deposi-
tion >Ep=0.5 MeV in a proton fiber and an en-
ergy deposition <0.1 MeV (set above zero to allow
for low-energy noise) in the electron fiber geometri-
cally behind it. An lepton-like hit is defined by by
an energy deposition >0.1 MeV in both a proton
fiber and the electron fiber geometrically behind it.
Setting a higher Ep in proton fibers can help elim-
inate events with low energy electrons that hit one
proton fiber and are either stopped by the target
chamber wall or go through the cladding of elec-
tron fibers and thus deposit no energy in the elec-
tron fibers. This specific value, Ep=0.5 MeV, might
change depending on the noise and signal attenua-
tion in the real experiment, but can be optimized
by scanning threshold values. As Ep decreases, pro-
tons will begin to trigger the detector, followed by a
much sharper rate increase when electrons become
visible.
• Background rejection
After the particle identification, all signals from
paired proton and electron fibers hit by elastic
events are neglected. This leaves us with hits on the
remaining fibers from non-elastic events or elastic
events at the non-linear tail of low ∆z. It also pro-
duces false negatives for non-elastic events in which
there is a low-energy scattered electron with close
to zero deviation in ∆φ−∆z phase space.
• Signal trigger
After hits from elastic backgrounds are rejected,
the trigger system triggers when there is at least
one remaining proton hit and at least three lep-
ton hits. The surviving events from background
are rare false positives from the non-linear elastic
tail coinciding with multiple low energy scattered
electrons.
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FIG. 8. Histogram of the relative weight of proton(red) and
electron(blue) energy deposition in 0.5 mm thick plastic fibers.
The proton dE is very similar to the recoil energy spectrum,
since the protons generally stop in the fiber. The low energy
region (dE<0.5 MeV) is dominated by the typical energy de-
position from electrons.
Trigger performance without event pile-up is shown
by dashed lines in Figure 9. The protonID step rejects
events that have no proton-like hits. Background events
rejected at this step are those with primary vertex far
enough downstream that the proton is outside the accep-
tance. For signal events, this is already in consideration
when we select signal events, the remaining small loss
at this step is from proton misidentification. Removing
hits in the electron fibers paired with struck proton fibers
cuts the elastic background down by two orders of mag-
nitude, as expected by the design. This has little impact
on the signal events except for random coincidence. The
requirement for remaining proton and lepton hits cuts
the background events by another large factor while still
keeping most signal events.
Trigger performance with event pile-up is shown by
solid lines in Figure 9. Multiple elastic background events
in each frame almost guarantee a proton hit and also in-
troduce more electron hits without paired proton hits
from secondary processes. Increased numbers of electron
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FIG. 9. Simulated trigger results: Relative weight of back-
ground events and signal events of A′ =20 MeV, with and
without simulated pile-up, on each stage of trigger logic. The
pile-up level is based on a beam current of 5 mA, and the as-
sumption of a 100 ns coincidence window. The results with-
out pile-up are drawn with dashed lines and hollow marks and
the results with pile-up are drawn with solid lines and marks.
Pile-up introduces multiple protons and multiple electrons in
each time-frame, limiting the performance of proton ID and
the triple-lepton trigger stage.
hits in each time-frame compared to single event increase
the accidental pairing of proton and electron fibers, caus-
ing larger signal loss at this step. It also almost guaran-
tees at least three unpaired electron hits in each time-
frame. Therefore, the trigger requirement of three lepton
hits loses all its effect.
We assume the beam current to be 5 mA and a coinci-
dence window of 100 ns for our pile-up study in Figure 9.
At this readout speed, the trigger system reduce the trig-
ger rate to around 23 kHz while achieve a signal efficiency
∼25%. We also explored a scenario with half the pile-up,
corresponding to a 50 ns coincidence window, or a re-
duced luminosity. In this scenario, the resulting signal
efficiency is 35% and the false triggering ratio is slightly
decreased compared to the 100 ns baseline.
Because the kinematic quantities ∆z and ∆φ used in
the trigger system have no dependence on A′ mass in
signal events, the signal efficiency for this trigger system
is very similar for signal events across the whole A′ mass
region we study from 10 MeV to 90 MeV.
D. Summary
Our study confirms that even with several confounding
factors, such a trigger system is capable of dramatically
reducing the trigger rate compared to simply triggering
on the presence of three leptons in a time-frame. At
a beam current of 5 mA, and assuming a 100 ns coinci-
dence window, this fast trigger system can reduce the
trigger rate to around 23 kHz. However, at this readout
speed, pile-up reduces the signal efficiency to ∼25%. Re-
duced luminosity or a smaller coincidence window would
decrease pile-up, yielding nonlinear improvement in the
signal efficiency and lower false triggering ratio, which
the study of the 50 ns coincidence window scenario con-
firms.
IV. SCINTILLATING FIBER LEPTON
TRACKER
A. Concept and simulation
In addition to the trigger, we also study helical fibers
as a possible cost-effective tracker. As shown in Fig-
ure 10, the tracking system we consider consists of four
cylindrical shells surrounding the target chamber. They
have increasing length in the beam direction at larger ra-
dius to cover the angular range for leptons. Each shell
has two layers of fibers with a structure similar to Fig-
ure 3 but at right angles to each other in the cylindrical
plane, forming square overlaps. A lepton lights up one
pair of crossing fibers at each radius and gives position
information to reconstruct the track.
Beam
Be pipe
e fiberp fiber
Tracker fiber
Hits on pixels
z
φ
FIG. 10. Tracker position relative to the gas target cham-
ber and the helical fiber trigger system: Green lines represent
cylindrical lepton detector layers. Each cylindrical shell con-
tains two layers of fibers similar to Figure 3 with ±45° relative
to cylindrical axis, at right angle with each other. The draw-
ing on the right shows the layout of fibers on the cylindrical
surface of each tracker shell. Coincidence of hits in the per-
pendicular fibers in each layer provides position information.
We design each fiber to be 45◦ from the beam axis in
cylindrical coordinates. There is currently no native ge-
ometry in Geant4[9] that that can adequately describe
this geometry, so, for the tracker system, each layer of
fibers is coded as a cylindrical shell in Geant4 simulation.
The fiber geometry and the inactive cladding region be-
tween fibers are later simulated separately based on the
Geant4 output.
In our design, four shells have radii of 100 mm, 150 mm,
200 mm and 250 mm. The lengths along the beam direc-
tion increase linearly from 230 mm for the innermost one
to 624 mm for the outermost one. Each layer has 1000
7fibers with a thickness of 0.5 mm and widths increasing
from 0.9 mm to 2.2 mm. The dominant uncertainty in
measurements at larger radius comes from multiple scat-
tering of outgoing leptons. Therefore, we choose to have
the same number of fibers for all shells and allow lower
position resolution using wider fibers at larger radius.
B. Performance
We evaluate the performance of this design by studying
the momentum resolution using single simulated leptons.
Then we use this momentum resolution to infer the in-
variant mass resolution of A′ from lepton pairs. Finally,
we plot the reach of our experiment using this detector
design based on the A′ mass resolution.
We simulate electrons with longitudinal and transverse
momenta both from 5 MeV/c to 50 MeV/c in 5 MeV/c
steps. These electrons start from the same vertex and
propagate through each layer of fibers, leaving energy in a
certain set of fibers. We extract their hit positions as the
centers of those square regions formed by the coincidence
of two layers of overlapping fibers. Finally, we apply
the Karima¨ki method[10] for circular trajectory fitting
on these hit positions to reconstruct the momentum.
Momentum resolution is limited by intrinsic position
resolution from the fiber width, and by the fact that the
Karima¨ki method does not provide corrections for energy
loss and multiple scattering.
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FIG. 11. Momentum resolution from the fiber tracker with
the Karima¨ki method over simulated momentum phase space:
∆p is defined as the magnitude of the vector difference be-
tween psim and precon. The simulation is based on a 2 mm
thick aluminum chamber wall and a total of 1.5 mm thick veto
fibers.
The simulation gives a rough map of resolutions in the
momentum phase space we are interested in. Using this
resolution, we then smear the momentum of leptons in
the simulated signal events and estimate the invariant
mass resolution. With the current target chamber de-
sign, which has a 2 mm thick aluminum wall and a total of
2 mm thick fiber for background vetoing, the momentum
resolution is about 13% across all momenta simulated as
shown in Figure 11, leading to an invariant mass reso-
lution around 20% for A′=20 MeV. We also simulated
a very aggressive design with 10µm thick Havar target
chamber wall and 100µm thick scintillating fibers which
yields a momentum resolution of about 7% and an invari-
ant mass resolution around 15% for A′=20 MeV. These
resolutions might be further improved with a more so-
phisticated tracking algorithm. Optimizing the tracking,
especially in light of the large amounts of pile-up, is be-
yond the scope of this study.
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FIG. 12. Projected reach plot: 2σ reach for an integrated
luminosity of 1 ab−1, about 500 h at nominal beam and target
parameters. Solid black curve represents the reach for 1%
momentum resolution; dashed for 7%; dotted for 15%. Gray
regions are existing leptonic exclusions, while colored regions
show the range of parameters that could explain the respective
anomalies. The blue shaded region shows the projected reach
for the original Darklight detector design from earlier design
studies.[8]
Figure 12 shows the resulting reach of the DarkLight
experiment in the baseline and aggressive experimental
designs described above, with a total integrated luminos-
ity of 1 ab−1. The reach covers a majority of the gµ − 2
preferred region under 100 MeV and about half of the
8Be signal region[2].
V. CONCLUSION
Using Geant4 simulations with realistic material as-
sumptions, we demonstrated that a trigger system of he-
lical fibers can be made sufficiently blind to elastic events
to allow trigger operation for the DarkLight experiment.
This design suppresses false triggering due to background
events by two orders of magnitude with 30% of signal effi-
ciency at 10 MHz readout rate at the designed luminosity.
We further explored using helical-shaped fibers as pos-
sible lepton trackers. This concept was demonstrated us-
ing a simple track reconstruction method and produces
a reach that covers the majority of the phase space of in-
terest. We also estimated the resolution needed to obtain
a given reach in the parameter space of A′. This design
using scintillating fibers, which would be a cost efficient
alternative to the original design of using GEM detectors,
yields a slightly smaller but comparable reach[5]. These
8results motivate the further study of the sensitivity with
more sophisticated tracking and the inclusion of pile-up
and other considerations.
We note that this study demonstrated the feasibility
of these two designs at the simulation level only. We
did not take into account possible challenges in realizing
these designs, including but not limited to the structural
support for the fiber geometries, effects of the limited
precision with which fibers can be positioned, light at-
tenuation in the fibers, and a detailed treatment of other
sources of noise. However, the results presented in this
study give a solid numerical foundation for, and demon-
strate an upper bound on, the performance of such a
geometry. These results strongly encourage further ef-
forts in prototype studies and extension to other similar
electron proton scattering experiments.
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